Sub-picosecond injection of electrons from excited [Ru(2,2′-bipy-4,4′-dicarboxy)<sub>2</sub>(SCN)<sub>2</sub>] into TiO<sub>2</sub> using transient mid-infrared spectroscopy by Ellingson, Randy J. et al.
Sub-Picosecond Injection of
Electrons from Excited {Ru(2,2'-
bipy-4,4'-dicarboxy)2(SCN)2}
into TiO2 Using Transient
Mid-Infrared Spectroscopy
May 1999      •      NREL/CP-590-25519
R.J. Ellingson, J.B. Asbury, S. Ferrere, H.N.
Ghosh, J.R. Sprague, T. Lian, and A.J. Nozik
Presented at the 12th International Conference on
Photochemical Conversion and Storage of Solar Energy
Berlin, Germany
August 9-14, 1998
National Renewable Energy Laboratory
1617 Cole Boulevard
Golden, Colorado 80401-3393
NREL is a U.S. Department of Energy Laboratory
Operated by Midwest Research Institute • Battelle • Bechtel
Contract No. DE-AC36-98-GO10337
NOTICE
This report was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights.  Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States government or any
agency thereof.  The views and opinions of authors expressed herein do not necessarily state or reflect
those of the United States government or any agency thereof.
Available to DOE and DOE contractors from:
Office of Scientific and Technical Information (OSTI)
P.O. Box 62
Oak Ridge, TN  37831
Prices available by calling 423-576-8401
Available to the public from:
National Technical Information Service (NTIS)
U.S. Department of Commerce
5285 Port Royal Road
Springfield, VA  22161
703-605-6000 or 800-553-6847
or
DOE Information Bridge
http://www.doe.gov/bridge/home.html
Printed on paper containing at least 50% wastepaper, including 20% postconsumer waste









REPORT DOCUMENTATION PAGE Form ApprovedOMB NO. 0704-0188
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.
1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE
May 1999
3. REPORT TYPE AND DATES COVERED
Conference Paper
4. TITLE AND SUBTITLE
Sub-Picosecond Injection of Electrons from Excited [Ru (2,2’-bipy-4,4’-dicarboxy)2(SCN)2] into
TiO2 Using Transient Mid-Infrared Spectroscopy
6. AUTHOR(S)
R.J. Ellingson, J.B. Asbury, S. Ferrere, H.N. Ghosh, J.R. Sprague, T. Lian, and A.J. Nozik
5. FUNDING NUMBERS
C: 
TA: ER460040
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
National Renewable Energy Laboratory
1617 Cole Blvd.
Golden, CO  80401-3393
8. PERFORMING ORGANIZATION
REPORT NUMBER
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING
AGENCY REPORT NUMBER
CP-590-25519
11. SUPPLEMENTARY NOTES
12a. DISTRIBUTION/AVAILABILITY STATEMENT
National Technical Information Service
U.S. Department of Commerce
5285 Port Royal Road
Springfield, VA 22161
12b. DISTRIBUTION CODE
  
13. ABSTRACT (Maximum 200 words)
We have used femtosecond pump-probe spectroscopy to time resolve the injection of electrons into nanocrystalline TiO2 film electodes
under ambient conditions following photoexcitation of the adsorbed dye, [Ru(4,4’-dicarboxy-2,2’-bipyridine)2(NCS)2] (N3).  Pumping at
one of the metal-to-ligand charge transfer adsorption peaks and probing the absorption of electrons injected into the TiO2 conduction band
at 1.52 µm and in the range of 4.1 to 7.0 µm, we have directly observed the arrival of the injected electrons.  Our measurements indicate
an instrument-limited ~50-fs upper limit on the electron injection time under ambient conditions in air.  We have compared the infrared
transient absorption for noninjecting (blank) systems consisting of N3 in ethanol and N3 adsorbed to films of nanocrystalline Al2O3 and
ZrO2, and found no indication of electron injection at probe wavelengths in the mid-IR (4.1 to 7.0 µm).  At 1.52 µm interferences exist in
the observed transient adsorption signal for the blanks.
 14. SUBJECT TERMS
photovoltaics ; dynamics of dye injection ; N3 ; nanocrystalline TiO2 
15. NUMBER OF PAGES
10
17. SECURITY CLASSIFICATION
OF REPORT
Unclassified
18. SECURITY CLASSIFICATION
OF THIS PAGE
Unclassified
19. SECURITY CLASSIFICATION
OF ABSTRACT
Unclassified
16. PRICE CODE
  NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std. Z39-18
298-102
